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[57] ABSTRACT

A TTL to CMOS input buffer has a CMOS inverter for
receiving the TTL signal on its input. The inverter has
a P channel transistor coupled between VDD and the
output of the inverter, which has relatively low gain so
that there is very little current flow through the inverter

when the TTL signal is at low voltage logic high. A
switch is coupled between VDD and the output of the

inverter. The switch couples VDD to the output of the
inverter in response to the TTL signal switching from a

logic high to a logic low.

8 Claims, 1 Drawing Figure
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TTL TO CMOS INPUT BUFFER

FIELD OF THE INVENTION

The invention relates to input buffers, and more par-
ticularly, to low power CMOS input buffers which
receive TTL signals.

BACKGROUND OF THE INVENTION

In CMOS technology a P channel insulated gate field
effect transistor (IGFET) is in series with an N channel
IGFET between a positive and a negative power supply

2

transistors have a nominal threshold voltage of —0.3
volt.

Transistor 18 has a gate for receiving TTL signal VI,
a source connected to ground, and a drain. Transistor
19 has a gate connected to the gate of transistor 18, a

~ source connected to a CMOS positive power terminal

10

terminal so that one of the two transistors is always off

in a static condition to prevent current from flowing
between the two power supply terminals in the static
condition. This provides for very low power consump-
tion which is the typical reason for using CMOS. An-
other commonly used technology is TTL. Integrated
circuits using CMOS are frequently required to inter-
face with integrated circuits using TI'L. A TTL output
can be as low as 2.0 volts for a logic high. A logic high
as an input to a CMOS circuit should result n the P
channel transistor being non-conducting, but with an
input of 2.0 volts for a 5 volt system, the P channel will
be conducting. This is a problem because there 1s then a
current path from the P channel transistor through the
N channel transistor because the N channel transistor 1s

also conducting.
SUMMARY OF THE INVENTION

~ An object of the invention is to provide an improved
TTL to CMOS input buffer.
- Another object of the invention is to provide a TTL
to CMOS input buffer with reduced power consump-
tion.

Yet another object of the invention is to provide a
TTL to CMOS input buffer with reduced speed.

These and other objects of the invention are achieved
in a TTL to CMOS input buffer which has a P channel
and an N channel transistor coupled in series between
first and second power supply terminals. Both transis-
tors have a control electrode for receiving a TTL sig-
nal. A supply coupling circuit is coupled between the
first power supply terminal and the connection between
the two transistors. The supply coupling means couples
the first power supply terminal to the connection be-
tween the two transistors when the TTL signal
switches from a logic high to a logic low.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE is a circuit diagram of a TTL to
CMOS input buffer according to a preferred embodi-
ment of the invention.

DESCRIPTION OF THE INVENTION

Shown in the sole FIGURE is a TTL to CMOS mput
buffer 10 for providing an output in response to receiv-
ing a TTL signal VI from a TTL logic circuit 11, which
is coupled between a TTL positive power supply termi-
nal, VCC of nominally 5 volts, and ground. Input buffer
10 comprises a CMOS inverter 12, a CMOS inverter 13,
a CMOS imnverter 14, an N channel transistor 15, a P
channel transistor 16, and a P channel transistor 17.
Inverter 12 comprises an N channel transistor 18, and a
P channel transistor 19. The N channel transistors have
a nominal threshold voltage of 0.8 volt. The P channel
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which receives a nominal voltage of 5.0 volts, and a
drain connected to the drain of transistor 18. The gates
of transistors 18 and 19 serve as an input of inverter 12.
The drains of transistors 18 and 19 serve as an output of
inverter 12. Inverter 13 has an input connected to the
output of inverter 12, and an output for providing an
output signal V1. Inverter 14 has an input connected to
the output of inverter 13, and an output for providing an
output signal V2 which is complementary to signal V1.

Transistor 15 has a first current electrode connected
to the gate of transistor 18, a control electrode con-
nected to the output of inverter 14, and a second current
electrode. Transistor 15 is used in a manner to take
advantage of the bilateral nature of IGFETSs. The first
and second current electrodes each can function as a
source or a drain. Transistor 17 has a source connected
to VDD, a gate connected to the output of inverter 14,
and a drain connected to the second current electrode
of transistor 15. Transistor 16 has a source connected to
VDD, a gate connected to the second current electrode
of transistor 15, and a drain connected to the output of
inverter 12.

Inverters 12-14 are responsive to input signal VI.
When signal VI is a logic low, inverter 12 provides a
logic high output, inverter 13 provides signal V1 at a
logic low, and inverter 14 provides signal V2 at a logic
high. When signal VI is a logic high, inverter 12 pro-
vides a logic low output, inverter 13 provides signal V1
at a logic high, and inverter 14 provides signal V2 at a
logic low. Transistors 15-17 provide feedback from
inverter 14. The worst case example for wasted current
flow is for the case in which signal VI is to be recog-
nized as a logic high but is only 2.0 volts. When signal
V1is 2.0 volts, both transistors 18 and 19 are conducting
so that there is static current flow from VDD to ground
through transistors 18 and 19. This current is minimized
by making transistor 19 have relatively low gain. Tran-
sistor 18 is made to be of relatively high gain so that the
output of inverter 12 is a logic low at near ground when
signal VI is only 2.0 volts. Inverter 13 then provides
signal V1 at a logic high at VDD. Inverter 14 then
provides signal V2 at a logic low which causes transis-
tor 15 to be non-conducting and transistor 17 to be
conducting. Transistor 17 couples the voltage at VDD

~ to the gate of transistor 16 to ensure that transistor 16 1s
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non-conducting. Consequently, in the situation in which
V1is alogic high at only 2.0 volts, the only current flow
in input buffer 10 is that through transistors 19 and 18
which is very limited because of the low gain of transis-
tor 19. If signal V1 is higher than 2.0 volts the current is
further reduced. If the voltage of signal VI is high
enough to keep transistor 19 from conducting, there are
then no static current paths for input buffer 10.

When input signal VI switches to a logic low, transis-
tor 18 becomes non-conducting so that the voltage at
the output of inverter 12 begins rising. After the output
of inverter 12 reaches a certain level, inverter 13 will
begin reducing the voltage level of signal V1 which will
then cause inverter 14 to increase the voltage level of
signal V2. When signal V2 exceeds the input voltage VI
by the threshold voltage of transistor 15, transistor 15
will become conductive so that the voltage at the gate
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of transistor 16 is reduced. This causes transistor 16 to
become conductive, so that transistor 16 then causes the
output of inverter 12 to rapidly reach the voltage at
VDD. Transistor 17 becomes less conductive as a result
of the rise in voltage of signal V2. By coupling the logic
low of input signal VI to the gate of transistor 16, the
output of inverter 12 reaches the voltage at VDD much

faster. This in turn causes signal V1 to reach ground
sooner and signal V2 to reach the voltage at VDD

sooner. Also, while the output of inverter 12 is between
VDD and ground, inverter 13 has a current path from
VDD to ground so that power is wasted during this
time period. Consequently, the time period that such
power 18 wasted is reduced by transistor 16 coupling
VDD to the output of inverter 12. In the static state of
buffer 10 for signal VI at a logic low, inverter 12 pro-
vides a Jogic high output of VDD, inverter 13 provides
signal V1 at a logic low at ground potential, inverter 14
provides signal V2 at a logic high of VDD, transistor 17
1s non-conducting, transistor 15 couples the logic low of
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signal VI to gate of transistor 16, and transistor 16 cou- 20

ples VDD to the output of inverter 12 as well as the
input of inverter 13. Consequently, there are no static
current paths when signal V1 is a logic low which is the
desired result.

When signal V1 switches from a logic low to a logic
high, transistor 18 becomes conductive, reducing the
voltage at the output of inverter 12. Assuming, the
worst case condition that signal VI only switches to 2.0
volts, transistor 18 remains conductive but is somewhat
reduced 1n conductivity. The same is true for transistor
16 which receives the increased voltage of signal VI, so
that the conductivity of transistor 16 is reduced. The
output of inverter 12 increases sufficiently to cause
inverter 13 to provide signal VI at a sufficiently high
level to cause inverter 14 to provide signal V2 at a
suffictently low level to cause transistor 17 to raise the
voltage at the gate of transistor 16 as well as to reduce
the conductivity of transistor 15. As the gate voltage of
transistor 16 rises, transistor 16 becomes less conductive
so that the output of inverter 12 is further reduced. The
further reduction of the voltage of the output of in-
verter 12 causes inverter to provide signal V1 at a
higher voltage until signal V1 is at the voltage at VDD.
Likewise, inverter 14 responds to signal V1 by provid-
ing signal V2 at a reduced voltage until signal V2 is at
ground potential. Signal V2 at ground potential ensures
that transistor 15 is non-conducting and that transistor
17 couples VDD to the gate of transistor 16 which in
turn ensures that transistor 16 is non-conducting. This
results 1n the only static current path being through
transistors 18 and 19.

Input buffer 10 thus provides the desired functional-
ity of an input buffer while consuming very little static
power. The worst case for static power loss occurs
when signal V1is a logic high at 2.0 volts. In such a case
transistor 19 is conductive when it is desirable to be
non-conductive. The adverse effect of transistor 19
being conductive is reduced by having transistor 19 be
relatively low gain. The problem of transistor 19 being
low gain i1s that inverter 12 then has a relatively slow
response time to a logic high to logic low transition of
signal VL Compensation for the slow response time of
inverter 12 is achieved by causing transistor 16 to cou-
ple VDD to the output of inverter 12 in response to this
logic high to logic low transition of signal VI. Transis-
tor 16 1s made conductive by coupling signal VI to the
gate of transistor 16 in response to feedback provided
via inverters 13 and 14 which act as an amplifier having
an input coupled to the output of inverter 12 and an
output coupled to the control electrode of transistor 15.
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Input buffer 10 thus offers a speed/power improvement
by reducing power and providing for increasing the
speed to compensate for the potential loss in speed
caused by the power reduction.

I claim:

1. A TTL to CMOS input buffer comprising:

a first P channel transistor having a control electrode

for receiving a TTL. signal, a first current electrode
coupled to a first power supply terminal, and a

second current electrode;

a second N channel transistor having a control elec-
trode coupled to the control electrode of the first
transistor, a first current electrode coupled to the
second current electrode of the first transistor, and
a second current electrode coupled to a second
power supply terminal;

a third P channel transistor having a first current
electrode coupled to the first power supply termi-
nal, a second current electrode coupled to the sec-
ond current electrode of the first transistor, and a
conirol electrode; and

signal coupling means for coupling the TTL signal to
the control electrode of the third transistor in re-
sponse to the TTL signal switching from a logic
high to a logic low.

2. The input buffer of claim 1 wherein the

first transistor has a first gain, and the second transis-
tor has a second gain, said second gain being
greater than said first gain.

3. The input buffer of claim 2 further comprising an
amplifier circuit having an input coupled to the second
current electrode of the first transistor, and an output
coupled to the signal coupling means.

4. The input buffer of claim 3 wherein the signal
coupling means comprises a fourth N channel transistor
having a control electrode coupled to the output of the
amplifier circuit, a first current electrode for receiving
the TTL signal, and a second current electrode coupled
to the control electrode of the third transistor.

5. The input buffer of claim 4 further comprising a
fifth P channel transistor having a control electrode
coupled to the output of the amplifier circuit, a first
current electrode coupled to the first power supply
terminal, and a second current electrode coupled to the
control electrode of the third transistor.

6. The mput buffer of claim 5 wherein the amplifier
circuit comprises:

a first CMOS inverter having an input as the input of
the amplifier circuit coupled to the second current
electrode of the first transistor, and an output; and

a second CMOS inverter having an input coupled to
the output of the first inverter, and an output as an
output of the amplifier circuit coupled to the con-
trol electrodes of the fourth and fifth transistors.

7. The 1input buffer of claim 2 wherein the third tran-
sistor has a relatively high gain.

8. In a TTL to CMOS imput buffer havmg a CMOS
inverter, coupled between a first power supply terminal
and a second power supply terminal, for receiving a
TTL signal on an input and having an output for pro-
viding an output signal complementary to the logic
state of the TTL signal, a method comprising the steps
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providing a switch circuit between the first power
supply terminal and the output of the inverter, said
switch circuit having an input which controls the
operation of said switch circuit; and

coupling the TTL signal to the input of the switch in
response to the TTL signal switching from a logic

high to a logic low.
» * X X K
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